Abstract. Performed in this work is the complex statistical, correlation and fractal analysis of coordinate distributions of Jones-matrix elements corresponding to birefringent networks of liquid crystals in human biological liquids (saliva, blood plasma, bile). The authors have determined the values and ranges for changing statistical, correlation and spectral moments of the 1-st to 4-th orders that characterize Jones-matrix images of these objects. Ascertained are objective criteria for classification and differentiation of optical properties inherent to polycrystalline networks of biological crystals with various kinds of spatial symmetry: dendrite, spherolite and cluster ones.
Introduction
© 2011, V. Lashkaryov Institute of Semiconductor Physics, National Academy of Sciences of Ukraine 1 . 0 ≤ Among the methods for optical diagnostics of biological layers, the most widely spread are those of laser polarimetric diagnostics aimed at optical-anisotropic structure inherent to human tissues [1 -31] . The main "information product" of these methods is obtaining the coordinate distributions for elements of Mueller and Jones matrixes corresponding to biological tissues (BT) [1 -5] with the following statistical (statistical moments of the first to fourth orders [5, 6, 10, 14, 19, 25, 26, 30] ), correlation (auto-and mutual-correlation functions [12, 17, 18, 21, 26] ), fractal (fractal dimensionalities [5, 6, 25] ), singular (distributions of amounts of linear and circularly polarized states), wavelet (sets of wavelet coefficients for various scales of biological crystals [22, 28] ) analyses. As a result, one can determine interrelations between a set of these parameters and distributions of optical axis directions as well as the birefringence value inherent to networks of optically single-axis protein (myosin, collagen, elastin, etc.) fibrils in optically-anisotropic component of BT layer. Being based on this approach, a large amount of methods for diagnostics and differentiation of pathological changes in BT structure that are related with their degenerativedystrophic as well as oncological changes [4 -6, 12, 19, 20-22, 27, 29, 31] .
It should be noted that there is a widely spread group of optically anisotropic biological objects, for which the methods of laser polarimetric diagnostics did not acquire wide application yet. Related to these objects are optically-thin (extinction coefficientτ ) layers of various biological liquids (bile, urine, liquor, synovial liquid, blood plasma, saliva, etc.) . These objects are considerably more accessible for direct laboratory analyses as compared with traumatic methods of BT biopsy. Being based on these reasons, it seems topical to adapt the methods of laser polarimetric diagnostics for studying the optically-anisotropic structure of BT polycrystalline networks.
Our work is aimed at searching the possibilities for diagnostics and classification of optical properties of human biological liquids with various spatial symmetry of polycrystalline networks. With this purpose, we offer to determine coordinate distributions corresponding to Jones-matrix elements with the following statistical, correlation and fractal analyses of these distributions.
Main analytical relations
Our analysis of experimental results is based on the following conceptions developed for optically anisotropic protein fibrils [1 -4, 7, 9, 14, 16, 23-27, 30] 
It can be shown that for Q sequentially placed flat layers the net Jones matrix is defined with the expression
In an expanded version, the matrix elements ik ℵ possess a cumbersome analytical look. Therefore, to consider the structure of generalized Jones matrix { } ℵ in more convenient manner, we limit ourselves (without losses in fullness of analysis) by the case of bilayer ( ) polycrystalline network. With account of this approximation as well as an evident look of dependences (relation (1)) for matrix elements
, it is possible to show that the elements of generalized Jones matrix can be expressed with the following dependences 
alyzing the coordinate structure of with usin
As a base for an 
Here, is the "step" of changing the coordinates x = As p meters that characterize the dependences G Δ 1-st to g the degree of self-similarity and repea Fig. 1 shows polarization-visualized images of polycrystalline networks inherent to birefringent biological crystals of the liquid samples in all the groups. These images were obtained for crossed transmission planes of the polarizer and analyzer.
The comparative analysis of laser images corresponding to smears of human liquids enabled us to ascertain:
• availability of optically-anisotropic polycrystalline networks inherent to biological crystals in all the groups of liquids; • dependence of optical anisotropy parameters (distribution of orientation directions for biological crystals and the value of their birefringence) on the type of liquid (Fig. 1, fragments a 
O tup for Jones-matrix mapping the optically-anisotropic biological liquids
polarimeter for measuring the coordinate distributions of Jones-W = 5.0 elements within the range 2 to 2000 µm. The analysis of laser images was performed using the polarizer 9 and quarter-wave plate 8.
Conditions of our experiments were chosen in such a manner that enabled to practically eliminate spatialangle aperture filtration when forming the images of biological liquids. It was provided by coincidence of angular characteristics for indicatrixes of light scattering by samples of biological liquids ( and angular aperture of the used micro-objective ). Here, is the angular cone of indicatrixes where 98% of all the scattered radiation energy is concentra ptical se Fig. 2 is the optical scheme of a matrix elements corresponding to birefringent layers.
Shown in
Illumination was provided with a parallel (∅ = 10 4 µm) beam of a He-Ne laser (λ = 0.6328 µm, mW). The polarization illuminator consists of the quarter-wave plates 3, 5 and polarizer 4, which provides formation of a laser beam with an arbitrary polarization state. Using the micro-objective 7 (magnification 4x), images of biological layers were projected onto the plane of light-sensitive area (800x600 pixels) of the CCDcamera 10 that provided measurements of structural Performing the model analysis (relations (1) to (7)), we have shown that our choice of elements (Fig. 3 e, f). For instance, in the case of dendrite biological crystals in saliva layer, the histog , f n ( )
11
ℵ H e, the value other ℵ is asymmetric relatively to the main extrem of which is 2 -7 times higher than those of extremes in the probability of local values (Fig. 3, fragment (d) ). This fact is in a goo with model notions about the influence of describing the directions of optical axes crystals that form birefringent netwo k (re 7), Fig. 1, fragment ) on the coo nate the Jones-matrix image 11 (m × n). dire partial crystals in spherolite polycrystalline of changes i t (e)). mponen pressed ution 11 (ρ, δ) d correlation distributions for partial lations (1) to structure of ctions for network of albumin and globulin in optically-thin layer of blood plasma (Fig. 1, fragment (b) ) is pronounced in more uniform distribution for extreme values in the histogram H(ℵ r rdi ( (a) ℵ Azimuth symmetry of optical axis 11 ) over the whole range n local values of the matrix element ℵ 11 (ρ, δ) (Fig. 3,  fragmen Polarization properties of cluster polycrystalline co t in the bile layer (Fig. 1, fragment (c) ) are ex in rather symmetrical, close to the level of probabilistic one, distrib for extremes of the histogram H(ℵ 11 ) describing probabilities of random values ℵ 11 (ρ, δ) (Fig. 3, fragment (f) ).
Fig. 2.
Optical scheme of the polarimeter: 1 -He-Ne laser; 2 -collimator; 3 -stationary quarter-wave plate; 5, 8 -mechanically movable quarter-wave plates; 4, 9 -polarizer and analyzer, respectively; 6 -object under investigation; 7 -micro-objective; 10 -CCD camera; 11 -personal computer.
analytical data (rela The correlation approach (relation (9)) to analyses of ( ) n m × ℵ 11 elements in Jones-matrix images for various types of biological liquids has shown that, in the case of dendrite and spherolite birefringent networks, the autocorrelation functions ( )
are decaying dependences with clearly pronounced fluctuations of intrinsic values (Fig. 3, fragments (g, h) ). The experimentally found fact on availability of harmonic modulation is in good accordance with tion (1) to (7)) for the influence of orientation-phase ( ρ , δ ) parameters corresponding to optically uniaxial birefringent crystals on distributions ℵ 11 (ρ, δ) that are superposition of various harmonic components ( sin" cos " ; " sin " ; " cos" 2 2
−
). The autocorrelation for Jones-matrix images ℵ 11 (m × n) co birefringent network of bile samples fr group 3 are monotonous decaying dependences without any fluctuations of intrinsic values (Fig. 3, fragment (i) ), which can be related with practically full disordering the directions of optical axes in optically anisotropic structures.
Discrete scale-repeated changes in orientations of optical axes of partial biological crystals (Fig. 1,  fragm ding to th ignifica of (b .3 es) and ents (a, b, c)) with simultaneous multiple changes in the phase δ period (relations (4) to (7)) is pronounced as formation of self-similar coordinate distributions of Jones-matrix elements ℵ 11 (ρ, δ) in the plane of biological liquid layers in all the groups. It is seen from the analysis of logarithmic dependences Table 1 .
The analysis of the obtained data enabled us to find satisfactory correlation with the results of computer modeling, and it shows that the whole set of statistical, correlation and spectral moments of the 1-st to 4-th orders characterizing coordinate distributions of Jonesmatrix elements possesses individual sets of values dependent on optical-and-geometrical parameters corresponding to amino acid polycrystalline networks. For instance, changes in spatial symmetry of partial amino acid crystals, in accord with the scenario "dendrite network -spherolitic network -cluster ensemble", is pronounced as: (Fig. 4,  fragments (a, b) ). Considerably larger differences (Fig.  4, fragments (c, d) 
